Although education is consistently related to better cognitive performance, findings on the relationship between education and age-associated cognitive change have been conflicting. Using measures of multiple cognitive domains from four waves of the Asset and Health Dynamics of the Oldest Old study, a representative sample of Americans aged 70 years and older, the authors performed growth curve modeling to examine the relationships between education, initial cognitive score, and the rate of decline in cognitive function. More years of education were linked to better initial performance on each of the cognitive tests, and higher levels of education were linked to slower decline in mental status. However, more education was unrelated to the rate of decline in working memory, and education was associated with somewhat faster cognitive decline on measures of verbal memory. These findings highlight the role of early-life experiences not only in long-term cognitive performance but also in old-age cognitive trajectories.
I t is well known that higher educational attainment is related to higher levels of cognitive performance in late life (Albert 1995; Schaie 1996; Wechsler 1981) ; however, it remains unclear whether more education slows the rate of cognitive decline over time in late life. Most longitudinal studies linking education and cognitive change in old age have found a direct relationship, such that lower education levels are associated with a greater risk for poor cognitive performance (Albert et al. 1995; Colsher and Wallace 1991; Evans et al. 1993; Farmer et al. 1995; Jacqmin-Gadda et al. 1997; Lee et al. 2003; Lysetkos, Chen, and Anthony 1999) . However, some research contradicts these findings, suggesting that higher education does not protect against cognitive decline (Christensen et al. 2001; Hultsch et al. 1998; Leibovici et al. 1996) or may even result in a greater rate of decline (Ardila et al. 2000; Butler, Ashford, and Snowdon 1996; Stern et al. 1999; Unverzagt et al. 1998) . Relationships appear to differ by cognitive task, age, and educational group. Further research is needed to address this inconsistency and to clarify the ways in which education influences cognitive stability and decline. The purpose of this study was to assess the relationship between higher education and change across multiple domains of cognitive function in a representative sample of older Americans.
Education and Cognitive Function
Previous research suggests that education may improve cognitive function in a variety of ways. Education may increase cultural competency, improving reading, math, and reasoning skills, as well as test-taking abilities. At the same time, education may actually improve brain function. Because enriched environments result in a greater number of synapses (Diamond 1988; Jacobs, Schall, and Schiebel 1993) , individuals with higher education may enter old age with a greater synaptic density. These hypotheses are roughly related to two principal dimensions of intelligence: crystallized intelligence, representing knowledge gained from culture relating to judgment, understanding, and reasoning, and fluid intelligence, representing the influence of biological factors on an individual's ability to perceive, recall, and think about patterns, relationships, and implications (Horn and Cattell 1966) . Crystallized intelligence remains fairly intact or even increases across the life span, whereas fluid intelligence deteriorates with advancing age (Baltes 1993) . Although education is related to both higher crystallized and higher fluid intelligence, crystallized intelligence appears to be particularly sensitive to education.
Education early in life is likely to affect late-life cognitive outcomes in part through its association with adult socioeconomic status and social behavior. Education is related to adult occupation and lifestyle, and higher education early in life may result in greater mental activity in occupation and leisure pursuits throughout life (Andel et al. 2006; Kramer et al. 2004; Richards, Hardy, and Wadsworth 2003; Richards and Sacker 2003) . Thus, education may have a direct influence on cognitive function early in life through its role in promoting cognitive growth, and education may play an indirect role in maintaining cognitive function later in life through its relationships with adult socioeconomic status and social behavior.
Education and Cognitive Change
Untangling the relationship between education and age-associated cognitive change has potentially important implications for our broader understanding of cognitive reserve and age-associated cognitive decline. Although researchers have suggested pathways through which education may bolster the level of cognitive function one has entering old age, they have focused less on its role in cognitive decline at older ages. Three competing hypotheses could offer insight about the effect of education on the rate of cognitive change.
If education slows the rate of cognitive decline, this finding would support an active cognitive reserve hypothesis. In this case, individuals with higher education are hypothesized to process tasks more efficiently (Stern 2002) ; because they make more efficient use of brain networks, the same amount of organic cognitive damage results in a smaller decline in cognitive function relative to those with less education. Alternately, if education does not modify the rate of cognitive decline, this supports a passive cognitive reserve (Stern 2002) or a common cause (Salthouse 1999) hypothesis. If aging individuals begin to lose cognitive function from a common cause, such as declines in processing speed, people with higher education will decline at a rate similar to the total population but will continue to perform at a higher level at any given age because of greater baseline brain reserve. Finally, if education increases the rate of cognitive decline, this could suggest a compensation hypothesis (Christensen et al. 1997; Stern 2002) . If older adults rely on intact cognitive domains to compensate for declines in other cognitive abilities, this compensatory behavior would slow decline until these other domains also begin to deteriorate. Research suggests that more highly educated older persons may capitalize on their increased crystallized abilities to supplement declining fluid abilities (Christensen et al. 1997; Compton et al. 2000) . Therefore, if organic brain deficits eventually began to interfere with this compensation strategy, one would expect a faster rate of decline among educated older adults.
Previous Research
Inconsistencies in earlier studies appear to derive at least in part from differences in methods, measurement, and samples. First, most investigators have used methods that define cognitive decline either as change in performance scores or decline in performance below a specified threshold value between two time points (Albert et al. 1995; Evans et al. 1993; Farmer et al. 1995; Jacqmin-Gadda et al. 1997; Lysetkos et al. 1999) . Ideally, to estimate a true trajectory of cognitive decline, cognitive ability should be assessed at multiple time points rather than using a simple difference in two test administrations. Analyses from the Baltimore cohort of the Epidemiological Catchment Area study using difference scores found that those with more than eight years of formal education experienced less decline (Lyketsos et al. 1999 ). However, a recent longitudinal study of older Australians found no relationship between education and cognitive decline on the basis of multiple time points (Christensen et al. 2001) .
Second, the majority of studies that have reported lower education to be a risk factor for cognitive decline have used mental status measures that assess the most basic level of crystallized cognitive abilities and may be insensitive to change among well-educated adults (Albert et al. 1995; Evans et al. 1993; Farmer et al. 1995; Jacqmin-Gadda et al. 1997; Lysetkos et al. 1999) . At the same time, studies reporting no relationship between education and cognitive decline have primarily focused on either fluid abilities, which are considered to be the product of biological traits, or composite measures that do not differentiate between abilities (Anstey and Christensen 2000) .
Third, the literature on the relationship between education and cognitive change has been inconsistent because study samples have been confined to specific subpopulations of older adults, such as religious clergy, highfunctioning older adults, and/or older adults in geographically defined areas; these groups may vary greatly in educational attainment and opportunities, as well as other environmental exposures (Albert et al. 1995; Butler et al. 1996; Carmelli et al. 1997; Christensen et al. 2001; Evans et al. 1993; Lee et al. 2003; Lysetkos et al. 1999) . A clear example is the observation that Black and Hispanic older Americans consistently perform more poorly on cognitive tests compared with non-Hispanic White Americans, largely as a function of lower levels of educational attainment and fewer educational opportunities early in the twentieth century (Cagney and Lauderdale 2002; Manly and Jacobs 2001; Whitfield 2002) . Even though sample composition may be a critical factor in determining study outcomes, no study to date has compared trajectories of cognitive decline within a nationally representative sample of older Americans. The purpose of the current analysis was to determine whether greater educational attainment is associated with the rate of cognitive decline across multiple testing occasions for a representative sample of Americans over the age of 70 years.
Methods

Data
Data came from the Asset and Health Dynamics of the Oldest Old (AHEAD) study, a nationally representative longitudinal study of older Americans living in the community at the first interview and born in 1923 or earlier. The first four waves of the AHEAD study, a biennial, nationally representative data set, were collected by the Survey Research Center at the University of Michigan (Soldo et al. 1997) . Blacks and Hispanics were oversampled in AHEAD to ensure adequate representation of these groups for analysis (Soldo et al. 1997) . Because the AHEAD sample represents the educational and ethnic heterogeneity of the older American population aged 70 years and older, we were able to investigate the role of education and race and ethnicity in cognitive change simultaneously.
The sample at the first data collection in 1993 consisted of 7,443 persons aged 70 to 103 years. Growth curve analysis allowed us to make full use of data for all subjects with at least one cognitive interview. Respondents were included if they had at least one self-response on cognitive performance items across the four testing occasions. For this analysis, 638 respondents were excluded because they never completed the cognitive interview and all data were supplied by a proxy, and another 154 were missing cognitive data. The 6,651 remaining respondents had at least one cognitive interview, 81% had two cognitive interviews, and 66% and 53% had three and four interviews, respectively. By the fourth wave, 2,306 participants had died, although data on these subjects were included for available waves. At the final data collection in 2000, the sample consisted of 3,541 respondents aged 77 to 101 years. Respondents who died or were missing at follow-up scored lower on baseline cognitive measures and were more likely to be older, to be less educated, and to have a chronic health condition (see Herzog and Wallace 1997 for a more detailed discussion of missing data on cognitive measures).
Factors known to affect cognitive decline are treated as covariates in the analysis. Baseline age and subsequent aging are analyzed because age explains a substantial proportion of the population variance in cognitive functioning and decline over time (Albert 1994; Zelinski and Burnight 1997) . Previous research has found that women are at greater risk for cognitive impairment (Barrett-Connor and Kritz-Silverstein 1999; Fratiglioni et al. 1997; Ott et al. 1998) . Additionally, several chronic health conditions have been identified as correlates of cognitive impairment, including high blood pressure, diabetes, heart disease, and stroke (MacKnight et al. 2002; Posner et al. 2002; Ruitenberg et al. 2001; Zelinski et al. 1998; Zhu et al. 1997) . Because participants could have developed these chronic conditions during the period of study, disease indicators were included as time varying. Given the established relationships between demographic characteristics, health status, and cognitive function in old age, accounting for these varying characteristics is essential to understanding the effect of education on cognitive decline. In addition, prior exposure to cognitive testing may result in subjects' learning the test approach and improving scores, so an indicator of prior testing to control for a practice effect was also included (Hultsch et al. 1998 ).
The weighted sample for this analysis was 86% non-Hispanic White, 10% Black, and 4% Hispanic (Table 1) ; fewer than 1% were classified as other ethnicities, including Asians and American Indians. At baseline 63% of the sample was female. Overall, the average level of education was 11.1 years of school completed. Education ranged from no years of formal education to greater than 17 years; 42.8% of respondents had between 10 and 12 years of education. As expected, education differed by race, with African Americans completing an average of 8.6 years of school, Hispanics completing 6.3, and non-Hispanic Whites completing 11.7. Education was coded as a continuous variable. At baseline, 50% of respondents had hypertension, 12% had diabetes, 31% had heart disease, and 7% had histories of stroke. Another 11% of subjects developed hypertension, 5% diabetes, 12% heart disease, and 7% stroke over the study period.
The average age at baseline was 77.2 years, with a range of 70 to 103. To create an easily interpretable model, a centered variable for age was used to represent the difference between a respondent's age and the mean age for the sample at baseline. By centering age, we assumed that the intercept represented a person of average age at baseline; subsequently, we could determine how differences in age from the group average affected cognitive function. Using this specification, time and age were represented by the same variable, allowing us to construct growth curves across multiple age groups.
Cognitive Measures
The same cognitive tests were administered at all four waves of data collection and used to construct cognitive trajectories for individuals on each test (Herzog and Wallace 1997) . Four tests that tap different cognitive abilities were used in this analysis: delayed and immediate verbal recall to assess verbal memory (fluid intelligence), the Serial 7's to assess working memory (fluid intelligence), and the Telephone Interview for Cognitive Status (TICS) to assess general mental status (a composite measure reflecting very basic crystallized intelligence). Baseline descriptive data for each of these measures are included in Table 1 .
The verbal recall tests consisted of 10 common nouns read aloud by the interviewer, followed by a request for respondents to recall as many nouns as possible from the list (immediate recall). Delayed recall was tested after approximately five minutes (spent on other areas of test administration) by asking respondents to again recall as many words as they could. Scores represent the number of correctly remembered words, with a range from 0 to 10. If a respondent replied, "I don't know" when asked to recall any words from the list, a score of 0 was assigned. The TICS is derived from the Mini-Mental State Examination and is specifically designed for administration over the telephone (Brandt, Spencer, and Folstein 1988; Folstein, Folstein, and McHugh 1975) . The TICS is designed to assess the most basic level of cognitive functioning, general mental status, including language skills and orientation to place and time (Albert 1994) . These abilities are assessed through questions on object identification, date identification, and naming the president and vice president. The TICS has a score range of 0 to 10, determined by summing the number of correct answers.
The Serial 7's test asks respondents to continuously subtract 7 for five trials, starting at 100 and ending at 65; scores are determined by summing the correct number of trials for a score range of zero to five. The number of respondents who declined to participate in the Serial 7's test was significantly higher than refusals on other cognitive tests. At baseline, 12% (n = 769) of the 6,651 respondents refused to answer Serial 7's questions; fewer than 1% of participants refused the word-recall lists or individual items on the TICS. Although the number of refusals changed across subsequent data collection points, the pattern of disproportionately greater refusals on the Serial 7's test was consistent at every time point. Because these data were not missing at random (Herzog and Wallace 1997) , it was important to take account of missing data rather than to delete missing cases (Rodgers, Ofstedal, and Herzog 2003) . Serial 7's values for participants who refused were imputed cross-sectionally on the basis of values on the other three cognitive tests of the same wave. The results shown below were based on analysis of imputed values. Imputation did not significantly change the sample mean or the significance or direction of the relationships between education and cognition in regressions relative to a coding scheme that defined refusals as missing.
In longitudinal analyses with repeated administrations of cognitive tests, there is a risk of practice effects because of prior exposure to the tests, resulting in improved performance on later testing occasions. To control for practice effects in the analysis, a variable was included in the models to represent prior exposure to the tests; respondents were assigned zeroes for baseline participation in the cognitive test and ones at each subsequent test administration. Thus, the coefficient for practice effect represents variation due to prior experience with the tests, or the average increase due to practice between the first and second testing occasions. Prior research on this methodological approach has found this technique to adequately account for the effects of repeated test exposure (Hultsch et al. 1998 ).
Statistical Analysis
The use of cognitive measurements at multiple time points has several advantages, especially when cognitive change is analyzed using growth curve models. First, multiple measurements provide a more reliable assessment of long-term cognitive change. Second, growth curve models allow researchers to examine differences in baseline scores and slope separately using growth curve modeling. A variety of risk factors may affect differences in crosssectional cognitive performance but do not affect cognitive decline over time in late life. These cross-sectional differences are likely to represent fixed differences established earlier in life and may not represent the same risk factors that determine decline, but these differences are likely to be missed in simple models predicting change score. Third, modeling cognitive change using growth curve models accounts for the correlation of multiple measurements within subjects and minimizes the underestimation of standard errors typical of analyses predicting change (Glymour et al. 2005; Raudenbush and Bryk 2002) . Fourth, growth curve analysis makes full use of available data, incorporating subjects who have data missing at later waves. Although this procedure cannot fully address potential bias due to attrition, it minimizes bias relative to the use of change scores. Finally, multiple measures of cognition allow for the testing of nonlinear models of change.
Growth curve models were used in this study to estimate the relationship between education, the initial level of cognitive function, and the rate of ageassociated cognitive decline. Growth curve models have been used in longitudinal designs to model individual change in a variety of outcomes as a function of time (Littell et al. 1996; Raudenbush and Bryk 2002; Reynolds, Gatz, and Pedersen 2002) . Estimating a growth curve of cognitive decline depends on the specification of a mixed model, one that contains both fixed effects (estimates for the entire sample) and random effects for a respondent (individual estimates). The utility of this approach is that it not only estimates the average path of cognitive change for the entire sample but considers baseline cognitive function as a source of individual random variability that affects the subsequent rate of cognitive decline (Singer 1998) . This was especially important for the current analyses to determine whether welleducated older adults have a differential rate of cognitive decline or simply better baseline cognitive performance than persons with less education.
Separate models were estimated for each of the four cognitive measures: immediate verbal recall, delayed verbal recall, Serial 7's, and the TICS. In each case, analysis began with the simplest person-level model to establish sufficient variability in the intercept and slopes and to provide model fit comparisons (results not shown). Later models included gender, years of education, Black and Hispanic ethnicity, the presence of hypertension, diabetes, heart disease, history of stroke, the practice effect, and a variable that represented baseline age and time over the study period. After main-effects models were constructed to determine the baseline effects of the variables on cognitive functioning, interaction terms for Age × Education were entered into the models to examine differences in the rate of change by education. Interaction terms were also tested for each covariate to determine if the rate of cognitive decline was affected by other characteristics. Quadratic terms for age were also included as interaction terms with education to test for the presence of a curvilinear pattern of cognitive decline.
Results
After adjusting for covariates, scores on each test declined significantly as age increased (Tables 2 and 3 ). There were no significant nonlinear associations between age and word-recall or Serial 7's performance; scores on these tests declined progressively with age (Table 2 ). However, there was a significant nonlinear effect of age on TICS scores. On this test, scores initially remained fairly stable but began to decline more rapidly at older ages (Table 3) .
As expected, years of education were positively related to higher baseline scores on each of the cognitive tests; the effect of an additional year of education was large, particularly relative to the effect of an additional year of age. For each additional year of education, baseline scores on each of the cognitive tasks were about 0.1 to 0.2 points higher. Substantively, this translates into an effect such that an older adult with 16 years of schooling or a college education scored about 0.4 to 0.8 points higher at baseline than a respondent with only 12 years of education.
Education was also related to the rate of longitudinal decline in cognitive performance, although the direction of this relationship varied by cognitive task. For delayed and immediate recall, the significant negative coefficient representing the interaction of age and education indicates that higher education was related to faster decline on these tasks. In contrast, the lack of significance of the Age × Education coefficient on the Serial 7's task suggests that education had no effect on the rate of cognitive decline. Finally, the positive sign on this interaction in the TICS model indicates that education was related to a slower decline on this task. There was also a significant interaction between education and age squared. The resulting trajectory in the TICS score among those with more years of education was more stable than that of their less educated counterparts, whose TICS scores declined more rapidly after age 80. These differences were statistically significant even when controlling for robust predictors of cognitive decline such as age, physical health, and, most important, baseline cognitive ability.
To illustrate these different trajectories, Figures 1 and 2 display estimated age-specific scores on the basis of fixed effects of the delayed verbal recall and TICS models at four different education levels. Comparing older adults with 4 versus 16 years of education, initial adjusted mean scores were 2.5 and 4.9, respectively, on the delayed-recall test. By age 90, those older adults with 4 years of education remembered only 1.0 words on the delayed recall test, whereas their peers with 16 years of education recalled 2.0 words. Thus, persons with more education scored higher on delayed verbal recall at all ages, but they also experienced a more rapid rate of decline than respondents with less education, averaging a loss of 2.9 words 84 Research on Aging versus 1.5 words over the 20 years. However, on the TICS, persons with more education scored higher and experienced a slower rate of decline relative to respondents with less education. Older persons with 4 years of education demonstrated an initial average score of 8.0, declining to 6.6 by age 90, whereas those with 16 years of education demonstrated an initial average score of 9.7 and only declined by 1 point, to an average score of 8.7. Essentially, cognitive performance among education groups converged with age on the delayed recall task, whereas cognitive performance on the TICS diverged with age. Race and ethnicity, gender, health conditions, and the practice effect were also related to baseline cognitive score. Blacks had lower baseline scores on each cognitive task relative to Whites, and Hispanics had lower baseline scores on the Serial 7's task. Women had higher baseline scores on verbal recall tasks but lower scores on the Serial 7's. History or onset of diabetes was related to lower baseline scores on verbal recall measures, and stroke was related to lower baseline scores on each cognitive task. Hypertension was related to higher mental status, but this relationship may be related to the inclusion of hypertension as a time-varying covariate. Those who were diagnosed with hypertension during the study period may have represented a healthier population than those who entered the study with hypertension, but this measure assessed variation in the group with either prevalent or incident hypertension.
In an effort to investigate other sources of variance in the slope of cognitive change, we tested interactions between other all independent variables and time. Gender was a significant predictor of cognitive change in verbal recall and Serial 7's, such that cognitive decline occurred at a faster rate in women. Racial and ethnic differences varied by cognitive task, with Blacks experiencing a slower decline relative to Whites on tests of immediate word recall and delayed word recall and Hispanics experiencing a faster decline on the TICS. No racial differences were present in the rate of decline on the Serial 7's test. Finally, heart disease was the only health indicator that resulted in differential cognitive decline; individuals who had or developed heart disease experienced a slower decline on the delayed word recall. 
Discussion
The purpose of this analysis was to determine whether education resulted in differential cognitive change among a representative sample of Americans over 70 years of age. Results across a range of cognitive domains suggest that education is related to significantly higher baseline cognitive function; however, the link between education and cognitive decline differed by cognitive domain. Because this study is the first to investigate a relationship between education and the rate of cognitive decline within a nationally representative sample of older adults that accounts for the racial and educational heterogeneity of the older population in the United States, our findings provide another perspective as to whether educational achievement is "protective" against cognitive decline in old age, as some other published studies have suggested (Albert et al. 1995; Evans et al. 1993; Lysetkos et al. 1999) . Rather, these findings support observations made by Anstey and Christensen (2000) in a review of existing research on the relationship between education and cognitive change, suggesting that education was more consistently protective on mental status measures, but not on measures of fluid intelligence.
Education appears to slow decline in general mental status, supporting an active cognitive reserve hypothesis, such that individuals with higher educational attainment may process the simple tasks included in the TICS more efficiently. However, although they had higher ability at any given age, individuals with higher levels of education actually experienced greater absolute decline than those with less education in the more complex verbal and working memory tasks, including immediate and delayed word recall and the Serial 7's. The proportion of cognitive ability lost was similar across educational groups, but those with the highest education experienced greater absolute decline. For instance, although those who began with higher ability experienced a greater loss of performance over time and those with lower baseline ability experienced a smaller loss of performance over time, all group scores dropped by 23% to 25% over a 7-year period on delayed word recall. Education is clearly not protective in this area, because cognitive function declines similarly across all groups, and the greatest effects are observed among those with the highest education and highest initial performance. This finding suggests that educated adults over 70 years of age may begin to lose the ability to draw on education to compensate for declines in organic cognitive function, supporting the compensation hypothesis.
However, there are several alternate explanations for these findings. It may be possible that the less educated respondents in our sample showed a greater rate of decline in cognitive performance before age 70, prior to baseline data collection. In this scenario, the rate of cognitive decline for less educated older adults could be greater earlier in life (compared with well-educated older adults), but slower after age 70. On the basis of the same rationale, it is possible that well-educated respondents had very minimal declines in verbal recall or general mental status earlier in life (before baseline) but that their greatest rate of decline is observable after age 70. Therefore, our findings may reflect an observed "delayed onset" of degeneration in performance for well-educated older adults, if decline was postponed past age 70. A longer study observation period, including age groups younger than 70, could result in different outcomes. This possibility corresponds with what we know about deterioration in different cognitive abilities. For instance, working memory, as measured by the Serial 7's, is likely to show the first age-related changes in cognitive function. If adults in their 60s were included in our analysis, we might have observed a greater rate of decline in this measure among those with lower educational attainment.
Additionally, results may have been affected by methodological limitations of the study. Specifically, the effects of education may be limited by ceiling and floor effects inherent in cognitive measures that narrow the potential range of decline. For example, the TICS is a general mental status measure tapping orientation and language skills; changes in these abilities tend to have a later age of onset and are most pronounced in older adults with organic brain damage or dementing conditions (Albert 1994) . Therefore, our observation that older adults with fewer years of education demonstrated a curvilinear decline on the TICS, whereas decline for those with more years of education remained relatively constant, could be the result of ceiling effects in this test that limit the variability of change for well-educated older adults with higher baseline scores. More sensitive measures that tap greater variability in cognitive function might better address educational differences in future research.
Furthermore, the exclusion of proxy reports may have affected results. A significant number of respondents (n = 638) were excluded because they lacked at least one time point of cognitive performance measurement, and another 15.6% of the sample (n = 1,207) had at least one data point missing because of proxy reporting. Education was associated with proxy status, so that those with fewer years of education were more likely to have at least one proxy report. In an effort to assess potential confounding in the Age × Education relationship by proxy status, we first attempted to control for proxy status by running regressions with a variable indicating whether a participant ever had a proxy report. Participants who ever had proxy reports had lower baseline cognitive scores in all four domains. However, the Age × Education relationship was not significantly different among these individuals. To further investigate the effect of including those with proxy reports in our sample, we excluded participants with at least one proxy report. The exclusion of these individuals did not change the significance or direction of the relationship between education and cognitive change. Unfortunately, we cannot estimate the effect of excluding those 638 participants with exclusively proxy reports. If those with the lowest education were both more likely to have proxy reports and to have a faster rate of cognitive decline, we may have underestimated the effect of education on cognitive decline in this group. Furthermore, if proxy status was associated with rapid declines not observed in previous waves, we would underestimate the effect of education on cognitive decline. Although sensitivity analysis suggests that the inclusion of those with at least one complete cognitive assessment and one or more proxy reports does not appear to have biased results, differential attrition due to proxy reporting may in part account for the lack of a protective effect of education on cognitive decline observed in this sample.
Similarly, we cannot completely account for differential selection due to mortality. By controlling for sociodemographic and health characteristics closely associated with mortality, we attempted to minimize the potential confounding effects of mortality. However, if those with lower education levels had faster rates of cognitive decline and were more likely to die, we might not observe the true effects of lower levels of education on cognitive decline.
Finally, we should note that although this sample is generally representative of Americans aged 70 years and older, there are some limitations to the generalizability of this analysis. First, because we included only respondents who answered questions assessing cognitive ability, our data likely do not reflect the relationship of education to cognitive decline among older adults with initially moderate to severe cognitive impairment who were interviewed through proxy respondents at all waves. Second, the initial AHEAD sample consisted of community-dwelling older adults, eliminating nursing home residents, a group with significant cognitive deficits. Although in later waves, interviews were attempted with persons in nursing homes, the declines observed here probably do not reflect those of an institutionalized population.
Unfortunately, our ability to examine the pathways through which education influences cognitive decline is limited. Education may be related both to cognitive development early in life and to the maintenance of cognitive skills later in life through its associations with socioeconomic status. It is difficult without better data on early life to determine which of these periods of influence is more closely related to the rate of cognitive decline. Furthermore, education occurs in a social environment, and the meaning of education may be different for different individuals. Other measures, such as literacy, may better address the meaning of education in a population in which the quality of education is highly variable (Manly et al. 2003) . Finally, there are a number of biological correlates that may modulate or mediate the relationship between age and education that we were unable to address in this study. Health status may play an important role, but the self-reports of disease used were likely to be confounded by education and access to health care. The use of objective biomarkers of disease processes would improve our ability to estimate these relationships. Education also appears to change brain function with age (Springer et al. 2005) , and recent articles suggest potential interactions between genetic background and education (Seeman et al. 2005; Winnock et al. 2002) in predicting cognitive decline.
Despite these limitations, this study adds to the present understanding of cognitive decline by examining longitudinal cognitive change across multiple domains in a sample representative of the U.S. older population. In addition to educational variation, gender, race and ethnicity, health status, and prior exposure to the test were important predictors of baseline cognition. Interestingly, prior test exposure had a relatively large effect, particularly on the verbal recall tasks. Results also suggest that the rate of cognitive change varies by gender, race and ethnicity, and history of heart disease, issues that should be explored more fully in future research. Differences by gender and race may in part reflect differences in the quality and meaning of education for women and minority groups, particularly among older cohorts.
This study highlights the fact that early-life educational experiences are related not only to long-term cognitive performance but also to differential cognitive trajectories in old age. The effect of education on age-associated cognitive change varied by cognitive task, suggesting a loss of compensation ability among more educated older adults on verbal and working memory tasks but continued active reserve that can be applied to boost general mental status. The results demonstrate that cognitive performance across education groups converged with age on the fluid intelligence tasks, whereas cognitive performance diverged with age on the TICS. More highly educated adults scored higher at any given age on all tasks, and education continued to be protective of declines in mental status, which are closely related to dementia.
